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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a drive circuit 
for a voltage drive element that can prevent increase in 
a surge voltage and a noise independently of a change in 
a main current while ensuring an advantage of a high 
switching speed of a voltage drive element such as a 
MOSFET. 

SOLUTION: A control signal is applied from a 2nd switch 
SW2 to a gate of the MOSFET 10 via a 2nd resistor 
means 5. A 1st resistor means 4 connected to a 1st 
switch SW1 is placed in parallel with the 2nd resistor 
means 4. The 1st switch is closed based on the 
switching of the 2nd switch, after a voltage detection 
section 6 detects that a terminal voltage of the 
MOSFET reaches a prescribed value, the 1st switch is 
open after a delay time set by a delay circuit 8 in 
response to the main current detected by a current 
detection section 7. Thus, just after the switching to 
turn-off of the MOSFET, a changing speed of the gate 
voltage is kept high at a lower resistance by both the 

resistor means and then the changing speed of the gate voltage is relaxed in proper timing 
depending on the terminal voltage and the main current. 
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[0 0 5 8] m»S#tWSl5 7 Afi % MO S F E T 1 0 (7>S 

*fflilHffc-**a5gtS*Lfcatt:7 2 4:, rtf>fiSt7 2 

«^i$tlt^yf^t7 3 ^>^V^7 3 

6tr{ix.5o £ &fc«MWW[Vc c i^^^KIBKiItJiJ 
S5«tLfcjfi8t7 7. 7 8*fix, i£^t 7 7b j&fci 7 8 CO 

£ 0 ^7^7 6©R(E\*i:aA««)miKt4»St7 

[0 0 5 9] «JEftffllfB 6 A<D@Hgtj&A<DWE.te, MO 
SFET10^ty»fc5I^l:ft ^o^aa 

To — u^/w (L) £#5 0 
[0 0 6 0] off^, y^^WimWtf. MOSF 
ET10OFW ^«E#«5fc4ftffl8B 7 AcDffi^mEE ± 

£ «9 , S«t^AO«JEH(iS«Sfttftmffl 7 Acom^jmEE 

(H) £-rs 0 ::m r<a£#o«MfcfcHg&7 AO 

d 2^«i«J««Hl«7 AOffl*oaE<fcKUfc*SoTSC 

[0 0 6 1] ilE^^^T, ttftttttitfB 7 A"Cf"i > 
MO S F E T 1 0 <Dmift&ttlS^-*ft5 K W>f isWfc 

JEf*egt7 2 ^=t>-x^1^7 3T**Wo-/^7 

Bfc*$*U g^t t-<7 7 6 ^1 CtMO S F E T 
1 0 *^&t<D K u^T ^««EteEJ*M bfc«JE*«EE«im 

35 6 A^ttS^i-5o 
[0 0 6 2] WEfttiiSS 6 AT'ti. MO SFET10W 
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c h MO S F E T 6 4 t N c h MO S F E T 6 5j&»b& 
5 >< * ©gS L T H fe £ ^ H: L O 2 fltffc L fc« 

^Ex-NORIelSl l^m^-r^ 0 

[0 0 6 3] IH6fi±|B«fiS;(C*5(t5^ — 
^«?r^i-o IHO (1) f^KL-f>m»fE^/h^V># 
£\ (2) fj:KKyli^tv^iSti^tt 
(a) f^2CO$iJ^}gB2^ffi^-r^>MWf^> 

(b) tt»ioiw»»i^aj^5iw«ifli# % (c) he 

MO SFET10OKW ^Sffi, ( d ) ^mJE^tbias 
6A£>Hi*K (e) fiMOSFETlOOKKVt 10 

^Lt (f) tt«**m«7A<Bffl*fc«i- 0 
[0064] (1), (2) (DZti^tilZL&^X* ft 2 

<omfflU2frib<Dmmt s w2 o n cd a»e>sw 

2 o f f (H) — ft2<Z)*-f >yf-SW2T1j: 

PchMOSFET25^7i:i^ NchMOSF 
ET2 6ti**l'kte& 0 MWf#sw2 o f f 
ofcBfliMOSFET 1 OOKW^ftffiVdOlKtt 
Vd2fcJt«Lt+»tfi<, 8»j*AO«£EH:a — u 
^tfc^o U:^ot, «JEtfetUSFP6 AOffl^fixW 
Ix-</^ (H) 0>*£"t?fc5 o 20 
[0 0 6 5] Ex-NOR0Bl KWA^IW ^ 

Hsittswion (h) sthj^u r^^«t»9, m 

l^^^yfSWltPc hMO SFET1 5 £ N c h 
MOSFET16^t5 0 :3U, iKDiWi 
(1) , (2) ^ItStTO^ %2<D^m 
g|5 2^t)OM»M^sw2o f f (H) ^ft)5^l^i 
0f t-ft 1 CDffl$Jg|3 1 (Ex-NORBBll) OfgJWf 
^•liswlon (H) iC^frtK ll^^-f^f SW1 
tf*>-TZ) 0 Ztl\c£V)^ MOSFETl 0 <D*f — 

*c g s let i&iifct«fttgfi:4 l , 5 kdm^j^ 30 

[0 0 6 6] V— hmmC g s <Dl&n&J&A,X-MO S F 
E T 1 0 cq^- h «EEdSfiTt-S iitCKW ^mffi 
Vd^MU K.W^mJE^vd 2 fcSEIJMS 

A(7)1E^a^ (H) ^ftt§ 0 :«^A 

^IKftiaot, SEitli3 6A^|j:P-i/^ 
(L) 06O (1) 

1 d as/js$ ^ t # te«»Etftas5 7 A^ta^a*^ 

h^SC g s Clx.btitlf{j:-^ia5 

[0 0 6 7] — m6(D (2) o<t K^yi 
St I das*Sl^#tt*«|fcffig|S7 AOa>3^ig:V>^^ 
^ Vd 2<50ttt>/h$<^t)mK^aSfl5 6A(7)tB^^K 

w ^mgfc 1 d v> t s ttt* tTSv«mrat* 
n — u^</i— ^{bi-^o ^of&oiMi^ov^teft 1 o 

lltti«ilRI«"t?*>5. %\<DmK??$k4 so 
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<h ft 2 0>est#& 5 1 ds*M^>«a#asr*ric ltv> 

6 0 *fc, tBlo»J»SBl35S»lcoWJ»#aSr, 
[0 0 6 8] *HJfiffJtt£JL±<0 J: 5 MO S 

fet 1 ooy- hmmc g s tD^scmas^o^^o^ 

[0 0 6 9] ofi:, ft3o^J6fi»J^ov^lftW-rs 0 
r<oH*«tt, ftl<oH16«^»L-Cil3ffiiattSr«#, 

-efc£ e . gmi, ft3<Z)*lfi«Sr«+aE*^iay^H"C 
fo5 0 Affif3 tMOSFET 1 OCDgEJBE^iCMOSFE 
T10WKW ^«EEt*ttli-*«flE«ai«fB6dSS«S 
*u tEI»Utl6tt^i:|{ioMMii:jflkihT 
MOS FET 1 0^*tLTit5U^S5tt*ttfc«aE 
8fcfcHS5 7Ara\ MOSFET10©KWyt»ll:g 
Jt« LfcmJE£ft 2 OgRft 5 B-.fcU>r;-r5 J: 0 ^ft 

[0 0 7 0] ttEEttUg|S 6 tt, K W ^«BE*Bfft« J: 

safssBtt, ««*a»7Aom*«EfcKJt«b 

J&te. ft 1 O|£ig0iJ<£>(g 1 ^LfctO^I^CCfcSo 

[0 0 7 1] 8814*2 OHJfiffi|<Oftff:»3teIiIBS«*Sr 
*+. ««K*fflSB7AO^«:ttIlIKW:, ft2<0**«<O 

n 5 Lfc«sfL^mgp^ 1^ cx&z> Q ft2(osst#a 

5 B tt, if-«SMO S F E T 1 0 W^- h t£gS»£ 
tl{&$$!ifcm$\mm<V Pch MO SFET5 3 i N c hM 
OSFET54^Ltg20^ y?SW2l^ttS 

n/cis^:5 2&m?LZ>o ft2oast^a5 Biases 

«8E^fflffl 7 A<Dffl*S:*K<EA*^SBBtUfc*^<r v 
y5 5^ix5tH^ SMSVcc^7ym 

KlitWfcRltfcSHSt 5 6,5 7 S:tt5. 
[0 0 7 2] igfet5 6 i:SSt5 7(7)^^^^-<T>'^ P 

^T^^°5 5 0a^?ftiJttP c hMO S F ET 5 3(D^f— 
hKSEJKStt, *56AMNchMOSFET54© 

[0 0 7 3] r*UC£9. «SEtftttl»7A©ffl>3*SJc$ 
V^i: ^f^P c hMO S F ET 5 3*5<kt>*N c hMO S F 
ET 5 4<&»aLK£^a s Si< S2©^s/fSW2 
^rMOS FET 1 Ocoy— hP^^SStS 2 Sr^tf^fiScD 

siTtfe^iST^^r^o mc, ««t»a»7Aoffl**t/h 

^V^i: #f^P c hMO S F ET 5 3 3oJ;U*N c hMO S 
FET5 4 0»a«^fi<T, 



(9) 
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2 tMOS FET 1 OW— hP B l<D®£t5 2 £rafrgg§ 

[oo7 4] m9K±mmmz&i-tz?— is*7&f<nm 
YffiM*7F-ro m<o (i) ttKw >«si*/hsv^# 

£\ (2) (iKKy|S^*^^W^U 

i/^o (a) »»2©fww»2dsiH*-ra»j»fli#, 
(b) temi<Dfflwmi&mfiirzfflmim^ (c) « 

MO SFET10OKW ^Sffis ( d ) iSttffi&ffigB 
6<£>ffi;^K (e) fiMOSFETlO^K^yll, 10 

(f) fimsft^mS5 7 A^ta^, ^lt ( g ) M2(d 
[oo7 5] mi<DmMM\z&tfz>tmmiz^ mj±m& 

U 6 (D&m&ACDnRte, MO SFEH0 &*lsWM 
t*5»^fclMi/^fc Lto-^/v (L) fr# 
5 0 Sfc* MOS FET 1 OCO K lx>T ^«BEdS»J»«« 
Vc ctDlffi^iK^D^^Ke 3&*7W;nb 
*ot, 8»R^iA<D«Sd^S(£mfll«a[V c c (DMIZK 
f LV^Vd 1 i^ofct^Srli&a^^/^^^ l^/l- 

(H) t-t% 0 20 
[0076][H9O(l) > (2) (D^tl^tllC&l,^ 

JK2©WWSB2^feO»JW(t#*Ss w2 o n (L) 
^fesw2off (H) S 
W2T1j:PchMOSFET2 5^t7t^^ Nch 
MOS FET 2 6#*yt4S B SJ$Hf s w 2 o f 
f — ^bofcK^fiMO SFET10OKW >-SJ£V 
d ©«4V d 1 fcJt«Lt+»fcfi< , «BttjftA<0«EE 

(h) o**-efcs 0 

[0 0 7 7] r^L^ctt). »10fH»«B (Ex-NOR 30 
@Bll) iiswlon (H) Srffl^U Hi s/ 

s w 2 o f f (h) -^^>5 ^ mm^n 1 ^ 

^^^fSWl^ytt, MOSFET10^-b 

^fic g s tc*;L &ftfc*ttttttntt*E0£ l a>«St# 
© (fiSUl) 33±tfJ|S2<Djfia#a5 B^bl2^ 

[0078] hmmc g s ^m^it^-cMo s f 

ET l ocoy- h«£E*sfi:Ti-*i i fcfc KK>tE 
VdW#U KW^tE^vd 1 ^*t-5tS5«j{| 40 
AOtEiW u^/u (H) -^{Li-^o :ogI^A 

(I) fcaMfrt-ai:, gKosjWKa^ii^ 

s W: 2 oOftSfft© 5 2 5 B <£>^£il 

[0 0 7 9] r^ggl. KW^M I d#5/h£V^* 
tt. ««K«im»7AC0ffl^dSi*V^c«)^, 19(Z) (1) 

«<D«*v^iJfc«tt*#v\ — KK^liid* so 
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90 (2) £>J;5lC. *2^>«»t#©5BOegi«^»! 
[0 0 8 0] &*5 % g| 2 Ogfeifg 5 B OjfflSMtttAiS 

As¥t£\,\ SlOSft¥g4ti2 0)g 

fet#®5B^^PJ^)«feL^S:1ff^Ur^-5 0 
»iofW»»i^*i<o*iJ«i#aSr. * 2 <o«W»SfB 2 
^2c7)$ij^a^^tl^«^bTV>5 0 
[0 0 8 1] **jffi0y^W±COJ:5{-1ff^§^TV>Scr) 

C^bbf KWylEVd(Dlft (dV/dt) ^ 
A^r3*3J:t5iaill^*i-S-f * ^*<D&WX*kC 

n i co^-r s/^^ot < ^±«aE^av^^ iot^ 
[0082] fc*5, #sas«o*<*wiaK-ett. mst* 

ffiS^MO S F E TCOMS^mffiSr^KMO SFET^K 
W^iA^Slltt^^fetftUJUTV^5dS, MOSFE 

[0 0 8 3] f&l&m&mXteftSliDXj y^ffi 

*7£ti%mmtifm& Kw^mMg^SJt^JU Jg2 

«L,ra!*iR]^aE{t:-rixtf«t<, *0>#fr^tt*fflN fls 
&3<DmmfflXhm2<D&ift^m5B<Di&i7i 

[0 0 8 4] £ 6 1;:, #KEJilM-^»«EEKnS!X : T- 1 L 
TMO S F E TtfflV^fcflCoV^RB Lfc*, *38ffl 

I GBT^^^[«^o±«■|g»lcfflv^5»'fr^t>RI«^ii 

[H®oflf*^iftM] 

[Hi] **WO|(5lO**««ra^afc*:^ny^H-e 
[HI 2 ] JS 1 ©*Mi09o*fl:«i4ia»fl|fi8Sr«-fia-r*) 



(10) 

17 

im4] m2(ommm^^m^y , ^ *y#mx*&>z> 0 

[16] IB2 0*16«fc*5*t5^ — v*7«F<o«if^S:* 

[1118] *3<Ol!««oftflcW3telilB**S:*'ria"C*> 
[09] »3^SI*0y^*5*t5^ — ^7l*©«if^*r* 

i Si ofHWSp 

3 *ffif 

4 JB 1 0}g$rC#& 

5, 5B S2c^}gfet^g 

6, 6 A «E*ffl68 

7, 7 A «jK4ftaiffi 

8 mmm& 

9 7y-sh>f-^*-K 20 

10 MO S F E T (iEBiSX^) 
1 1 E x — NO RIhIES 

15, 25 P c hMOS FET 
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16.26 Nc hMOS FET 

17 >r ^ 

4 1 SSt 

5 1, 52, 56. 57, 58 Jggt 
5 3 P c hMO S F E T 

5 4 Nc hMOSFET 

5 5 ^7V/ 

6 1.62 ffii/L 

6 3 *v K 

6 4 P c hMOS FET 

6 5 N c hMO S F ET 

7 1,72 «8t 

7 3 ^Vx^lJ* 

7 5 ^Vl/f-^ny 

7 6 ^-^T^:/ 

7 7, 7 8, 7 9 ffifit 

8 1,82 N c hMO S FET 
8 3,8 4 P c hMOSFET 
8 5 =i>"r v-tf- 

SW1 SlO^yf 

SW2 

VB 

v c c ©j^mai 




(11) 
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14] 



(1) 



(a) 
s*2on/off 

(b) 
swlon/off 



(c) 



Vd 



(d) 



(e) 



Id 



(f) 

(g) 





jH(c 
i 

^L(on) 
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. ! ! 
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L(off) 




H(on) 
^.L(off) 
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[IH7] 



(2) 
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!H 
i 
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(off) 
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1 ? 


H(on) 

L(off) 
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Lfoff) 




1 h 
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i 
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y i 
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! t 
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H 
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J t 




H ! 
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3 > £-T- 



















mom 








1 

VB 



6A 







m<?> 
wsm 















9 




VB 



[15] 
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[19 9] 



(a) 
swZon/off 

(b) 
swlon/off 



(c) 



(d) 



(e) 



(f) 



(6) 




(2) 





-1 (on 


; H(off) 

t) 

i » 






t 




Vdl^ 


t 






+ 
i 










t 

\ . 




\ 






t 
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